Abstract. We compute the cohomology of the Morava stabilizer group S 2 at the prime 3 by resolving it by a free product Z=3 Z=3 and analyzing the \relation module."
Introduction and Statement of the Main Result
The applications of the main theorem of this paper in homotopy theory are due to the Morava Change of Rings Theorem [7] . Let p beaprime, and denote by S n the group of units in the maximal order of a cyclic division algebra over Q p of index n and Hasse invariant 1 n . The Morava Theorem says essentially that the cohomology of S n with coecients in a certain representation describes the Bouseld localization functor L Kn . This is the localization of stable homotopy theory with respect to the spectrum of the n-th Morava K-theory, K(n) [2] . The functors L Kn play an important role in homotopy theory [10] . At present the case n = 1 is completely understood for all primes p. The next case, n = 2, has been partially investigated for primes p 5 (see for example [15] , [16] ). The functor L K2 for small primes is harder to study because the group S 2 is of innite cohomological dimension.
In this paper we deal with the prime 3 only. As the rst step of the analysis of L K2 one needs to compute the continuous cohomology of a certain canonical subgroup S 0 2 of S 2 with trivial coecients. We compute these cohomology groups in the course of the proof of the Theorem 1.1 below. This \almost" computes, according to the Morava Change of Ring Theorem, the homotopy groups of the localization of the Toda Smith complex V (1) ; for more details see [9] . The rest of the calculation of L K2 S 0 consists of two B o c kstein spectral sequences. We will not pursue this here.
The research of the second author was supported by an NSF postdoctoral fellowship. A computation of H c (Sl; F 3 ) was sketched in [9] , but the multiplicative structure given there does not agree with the one above. The question of the cohomology of Sl was rst reopened by Henn in connection with a deep theorem of his on the cohomology of pronite groups [4] , and he also obtained the result stated here. Our calculation proceeds by more classical methods.
The structure of H c (Sl; F 3 ) can also bedescribed as follows: it was shown in [3] that if j is the quotient map H c (Sl) is mapped isomorphically onto H (Z=3Z=3) by i (R is the subring generated by 1 , e 1 , e 2 , x 1 , x 2 ). The kernel R 0 = Ker i (generated by a, c 1 , c 2 , a s a n R -module) is additively like R but with the degrees increased by 2. The structure of R 0 as an R-module is as given above and R 0 2 = 0 : this determines the ring H c (Sl) = R R 0 .
Background Information
We briey recall some facts about the group of units of a maximal order in a division algebra. A full account can befound in [11] From now on we shall only consider p = 3 and n = 2. Then jH 1 =H 2 j = 9, jH 2 =H 3 j = 3, jH 3 =H 4 j = 9, and according to [12] There is a group D of automorphisms of Sl which has order 8 and is generated by The natural cohomology theory for a pronite group is the cohomology on continuous cochains [13] , denoted by H c , and that is what we use here. It agrees with the usual cohomology on a nite group.
Any maximal nite subgroup of Sl is cyclic of order 3, so the Krull dimension of H c (Sl; F 3 ) is one [8] , [7] .
3. Resolutions The fact that j iis onto implies that Im i is dense in the pro-3 topology. So we have an epimorphism of pro-3 groups where x 1 = e 0;2 (by which we mean x 1 (e 0;2 ) = 1 and x 1 (e r;s ) = 0 for (r; s ) 6 = ( 0 ; 2)), (0 k m) of Z n (E ;M 1 )form a basis in H n (E; M 1 ).
We n o w turn to the module structure. Recall that composition with is a chain map Hom kE (P;P)!Hom kE (P;k)and this map induces an isomorphism in cohomology H Hom kE (P;P) = !H (E;k). We now turn to the relations. It is routine to check that the generators satisfy these relations; for example, the last of these follows from the fact that The following lemma is easy to check, but will be useful. 
